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Embryogenesis is an extremely robust process. This is particularly true for oviparous organisms as eggs are laid in a versatile environment and are consequently exposed to fluctuations in temperature, humidity, day/night condition, etc. While the above-mentioned fluctuations may influence specific processes, the overall impact is limited as organs are positioned at the right location and scale relative to the size of the embryo.
Most research on biological robustness focuses on studying how specific gene networks or biochemical pathways respond to variations such as environmental changes. In particular, most previous investigations recorded data on particular cells/tissues without taking into account potential outcomes on the rest of the organism. A more global and dynamic understanding on how embryos reliably develop into complex organisms despite many sources of errors is still lacking. It is important to investigate how embryos react to variations at a global scale as it is apparent that developmental processes are not isolated from the surrounding tissues.
Our goal is to provide an embryo-scale dynamic analysis of temporal variability and to compare how different processes during embryogenesis respond to environmental changes. We simultaneously image up to 60 embryos from early embryogenesis until larvae hatching. We time the stage of embryogenesis by identifying developmental landmarks. Due to the large embryo number and controlled environment, our setup enables us to study intra-and inter-embryo temporal variations. We analyzed temporal variation at temperatures from 16 to 30°C and found that there exists an optimal developmental temperature (21°C) at which the temporal variation between embryos is minimal. Furthermore, we show that temporal paths are highly correlated at high (N25°C) and low (b19°C) temperature (i.e. an embryo that develops quickly at early stages is also fast developing at later stages and vice versa). These results suggest there exists a mechanism coordinating developmental timing. The sizes of the majority of organs scale with the body sizelarger bodies require larger organs. Because all the common model organisms are relatively small, it remains unclear how size affects the mechanisms of patterning and morphogenesis. The mammalian molar tooth is a good example of an organ that scales with the overall body size. Several experimental attempts to alter molar size have led to changes in both size and shape. However, the evolutionary history of mammals shows that size and shape of molars can be decoupled during development. First, we compared development of molars in insulin-like growth factor 1 receptor-null mutant mice with growth deficiency, wild type mice and rats. These molars are relatively similar in shape but progressively larger in size. Our results show that the effects of scaling appear already during the patterning of the tooth cusps. Next, to examine how molar size is scaled much beyond the size of model species, we analysed the patterning of tooth cusps in the largest extant terrestrial mammal, the African elephant (Loxodonta africana). Developmental data and computational modelling show that the morphology of L. africana molars results from a similar iterative patterning mechanism as in the mouse, but that the patterning happens in a very large size. Our comparisons of several species show that the molar size during patterning is connected to the adult molar size through a seemingly universal relationship. This 'scaling rule' can help to unravel the mechanisms of the interplay between size and shape during molar development. The appendage-development gene Distal-less (Dll) has been proposed to play a fundamental role in patterning butterfly eyespots. In the African butterfly, Bicyclus anynana, Dll is expressed in eyespot centers during larval wing development. During pupation, Dll's expression expands into a larger disc surrounding the eyespot center, and mapping to the disc of black scales in adult eyespots. Transgenic RNAi work suggests that Dll is a positive regulator of eyespot development, where overexpression in larval and pupal wings produces ectopic eyespots and eyespots with larger black discs, respectively, while down-regulation in larval wings reduces eyespot size. To further clarify the role of Dll in eyespot development we used the CRISPR-cas-9 genome-editing tool to disrupt Dll function. We targeted two different exons of Dll; a 5' UTR region immediately upstream from the coding sequence in exon 2, and the homeodomain in exon 3. In support of Dll as a positive eyespot regulator, we found that disrupting the homedomain produced butterflies with missing eyespots. Additionally, mutants were observed with missing scales, loss of black pigmentation and truncated appendages. In contrast, targeting the 5'UTR of exon 2 resulted in butterflies with ectopic eyespots. These results mirror recent findings in another butterfly, Vanessa cardui, where CRISPR guides targeting exon 2 also produced ectopic eyespots. Together, Abstracts S105
